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[0001] 

m^'i'mMmmmmmm (nrf ^pefc^ tm-, ) 

[0002] 

mm<D<&m. mzTm^iSLMizx *)^-t^imtf^m.ti 

^«fS. v7 h^tcJ: '97KSi:^'^l:K^^cl6m•r 
<r)m^commi}^(?'^coi&mizim^ti^$>'o. 

[0003] mr. immm<r>^t Lxmm^^m 
i^ic p E F c izmm L . ^mwtcaet-i. ^^^6 ic« 

LTfiifflf *t{f. m.Wii3^(>umi-^:iti^x'^. m 
i<bx^^^j:^mmt^j:K)ni> t**t. -K-ft^^^T) 
m^i¥miz-^\'^xiii&&z^^ixii^j:hiiiimi¥m^m 

m\^xm-m^tmmiit:H^i-^:mi}m^^tix\^& 

«f^ffl**563SL^:V^^iH{41 0 0'CliUi<^lSatc:IS'b*i 

[0004] tmmmi>zmik-r^-m-i\:m^i^ts7i<.m 

:ff:^tzmi^ 6~ 1 3 %Jn;t l> c: i: t J: 0 , «!m^?fiJ: 

i^X^^Ztim^^ixX^,^^, LA^t. ^OJ:3=5r± 



1 0 0 p p mjaTt'*):h.{f , mM^<7mk^ 
m^^mmcr>mm\i o . 4 xm^x^^t com^h h 
i>ifi. f-ifi-mtmmcommi o o ppmtx'(7)iSMtt 
^xmrnrntfi'^xh*) . mm^i^ifiwrniz^Lmaj^ 
'9T'^<, zcDm^xi.. mmx<^im?m^mi^ii 

[0005] M^€?l!l{:#*^-t-l.7l<St:iSS-^*^'xS: 

i\:^iMim^-thijmtimi^ixx\>^^, z(Dim 
e»m (1*) ofgs (^2tHi»f«?fei^y;K>''n7A»si 

i=^m2 3 5M. 1 9 9 5^) Jc^Jf. T;^5-^^^ffl 

nLtii\^-^j^fm^m\>K Rjmmioox:xmit 
m^^fr^K -mi\:Mmmmt>^^mm^m^&.rtxiSi 
m^tu-ztm^^ixx\>^^. tztiL. zcDm^xco-wt 
<ts^<^mmi'^mmii2 opp mxh^, t*»L, r 
fEia«8 or-cog!-fbi^±(7)femji:-^'fi:^«*n 5 o 
p P msff -r i: ^tixnK). i&iMLXi^mim 

mfsmeommPr-+-!i^X$>hZti3-hi)-^, tfz. X<0 

is^x<mim^<oKmmiim^^tiX\,y^\,\ 
[0 006] j^v^T^^^?>\>-^ (y y*rr^:i^^A^ 

§iL\^mi^X'$>?>. :>(V:i(T^^h\^?:^-kBmm> 

itm<^mm-{m^izm^^fcmii^j:\>\ 

[0007] 

^nrv-*^. PEFCc7)p^§^:^f{gT$)l.iS?a-Ci7)3Hg 

m-(tsm<r>mimifmiz-:>\,^xii. iSra-ccoiUvStt, 

0'CmTT'<7)vStt*5^*§ixS. i^c, <.->^V->;!>5:il!lS 
[0008] 

[igSS:»??it^l.:^^*^)«0*l5] ^^^^Mmt^li. JJSOi 

ts7iim:^xt,z-mmmcDmim^fmt Lx^v^i^r 
liiiSESrfflv ^ i>zti>zii*). -mtm^tr^mmzm^i'-^ 
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(5. ^mt-^cojAmRm^zx-oxm^Lfz-m^t^ 
■)}mizm-ri>ij<^x'h?>. 

[0009] :^^m(^-jjm. m-h. ^ 

V7i<:T-i^^^i>\>^zm.n$tifz;Ur--^M>im^m\'^^ 
ZblzX^. mit^co^MRmtzX oTSSJt t^:- 

0*^BJc7)@B*)T'$>i.PEFC(7)iS$!)*3Ste, ^ic-eo 

1 . 5>5rV^L 1 0 nmtCi^-^iail?L@S:*-r-l.il«l«^ 

^T^^\^X'h^. 

[00101 ±U<^mmt LXli. lIIS£OVi/^^>"> 

A. ;)&;ki^'>2>,^<^r;P;?5f U±]ia^JK7C*, ^iS, III 

^±m7m. imco^-^y. i^^i^a-'^j^^ y/u-?-^ 
r-fVs VII mcr>'?y:^y. 'f)^)V^ \^ 

—^I.. mmcOSk. ^^<J]^h. —•y-yjl'. JVf—'^ 

[ 0 0 11 ] iif t tv>ifejRK-ft:!K!)fc LTti. iJ^brf^-^S 

X ' 

I 

R - S i - X » 



C R : X ' , X » , X " 

[ 0 0 1 6 1 1^7 yit-^t VXli. mii<oit l Xm^ 

ixhh<^x'h'yx . Kx-T^^tih^mmmmtLxit. 
mm^tifz^mmfi^ixh, M:Wm\.zi.i. ^^)v. 



mm ( M ) ( S i /M ) i: tTtiji^ 

[0012] ±IE<7)^ Vi^TiJH'^l. v-^Sr^ftci: L^;l^ 

^-^j^mmiA(.m:^'x^<r)-m\mM'k-m^x\,i.hio 
j!)*^l<. iss. mzmmTx<7)-mimm<7ym:m 

[0013] iil4>^ y.-Kr^^S V^co-^^^i: L 

?itia^fF<7)|g5 0 98 6 84-f-, Sg5 1 0 2643 
115 1 0 8 7 2 5-tOBjiffl», ^*T5 - 5 0 3 4 

9 9^-!kmm\,z\i^m<7)T)v^)vm^^'ti>Am.Ty=^ 
Lm^'^^m-^mzx^^m-hfjmtiK ^tzmm^A- 

2 3 8 81 0-tt^$BtC{4«#Ci^ ^■^mcr>T)V^)V 
^:fjmim7rs^ixX\^h. t*-L. *^BJ-Cfflv%^,iLS 
<4^<. ±ie<7)ri:<p<y5Kr®lSti*;-=5:WUSS:^ 

[0014] 2|s:^HjX'fflV^/i>fLS^ y*rT^^^Xi,ui: 

(^-^imt tT. C?ll;t{f. #11^8- 16 6 6 2 2-^ia 
K<^)^«3&iJ>0. TI5<7)'fl:iT^$^t-g.i<7>"fl:^i: 

[001 5] 

[^bi] 



: R3RR 1 - 6 OTAn* JjcKSS, 



tifzmmmmf^ti:!,. ntt<ii. mmm^ i ~ i 
2<or/i'^;u*> ^^*^6~i 2<7)r'J-;i^f* 
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0, ^ ti>iz^cr>mmi^X'hi> , 

[0 0 1 71 iine^Tj'ffci^tcfc-tti.xi . x2 , x3 1- 

Viitr^^^\^^l^^}Mt^LfzmhLX. MCM 
-4 1 Sr^^^f^f-zt^i^i^o^-ryi: V U;^f-;P^aU 
HlCiO> v-'J/WbL^cfifilT!?**-!. (117 8lll«!l!iSftl&^ 

( A ) m^fWh 6 D 2 6 ) . y oy}i 

[0018] ±mztmLtz^mmmm^^^h^ 
>,znix^\>M^tm^^m^-rhkb tic. 

^m^mw^^. zcommipmii. is^<r^fn'. so 

[00191^ y ;ifTiHFvJ»-&v^<7)^^i^tci^9>"fl:-^ 
0*m^S^^Atfc;<y>-KT^^Sv%{4®! 

sfc. ^&mizz^^yit-^izj:*)mmmmmf:m 

mcDi&m. tfc. ^^-:^M,mzim^ti^^iiiiitLx 

[0020] nm^mm-rtJi'T'-'^J^JMmt lt{4* 

mf^ifmfhKh, tfz. T>'^-TizxtTs.y^ 
ii^m<7)m:i:mmLxmm-t^coh^x'hh. K^ifi 



[0021] ±ie<OS-a(c J: 0 . PS^a/iMJKJi:^ 
Sllt:J:0. tVf-'^M.ifi^^^zmTt^fih, wmtL 
X it^Wfi^X'h . 'J ^ , t H 5 i^v^c7)qg- 

htti><r>\i-^X'h -6 . i ^*^?a4"5r if«^?gfflT-fi=*> 

fm7)wm^^i^-yxi>m^^htfi. a^. ^ia*»'^7o 

0-C<'^>V^*ifflV^/c.iXl>. ifi t<{4MS*-^>5 0 O'C 
X-^^hflh. $/btC»*t<«45 0°C*^<i.4 0 0"CT'fi= 

**^'^^T'S>-i. t . mt'&.X'm.mm.ifim^X'hhz 

b<^m. Z<?:>mAi:m^^h:Lbf,zX^)Vy--'^-Uifimi' 
[0022] *^BBt'«ffl-r^M««4ll«Wtc^Nny>' 

^^■x.^Zt wy^j: < . * . mmi^z X 0 feS^^ffiO 

^snyy^^^'t^^fm^mmLf.:.^^. m.mm>x\t 
fmijnj\uyy\mmifm\>zs;: ^mmmx osiib4 

)v^-iyM.wmt,zm\^itJ^^yy^M^wA:itifin^ 

[ 0 0 2 3 ] «!aLhcO>'NO:>'y$-]iX'5l^<:6-^i: 

m^<7)^i^^mcr)Wi&x'cojm<^i>znhti^. 7i<.<^mjt 
4»t:?f^<ot>»^ tv>. ztL^(r>'m^mm^:^m'^x- 

yyi:f^X'^ -& t(OT*n«f*pM^i. tcDT'ti < . 
[0024] xMmizmi^imm-t^miz. -e^o 
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-t I. Mmtmrnm n n $r t ^ V -> t i03&<*f * L 
0 P P ml^XTtm tL<. 200PP miMT^^'^ ^ i^M 
[0025] »^S&fflV^-5.fii*M^lC±i<'^T(i, -eco 

h:^xhi,i. :^mm-\>z-miYMM. s*. ^ 

6 0 OrOT. if* U<I43 0'CijLh4 0 0X;J31T. § 
h^zntL<\i5 OrljUiS 0 0°COTt:iT^i5ixl>. 

[0027] zif.%B^x'mm-hmumm^s -2 as 

tOiJ5«m*^' 0 . 5 V .-KT^^^^S V Hcffli^^ 

fflv^^ i i: t J; 0 ^ W^b^i^ilOSlKKJflSfc J: 



[0028] ^wmt'km<mmzx ^wkLti^m^:^ 
0. fl!iiJSEtc:*ig5v;{>sasi:(S«*sv>{4««it. mm 

tii *^^Lt::^m:^'x:^^^%mconmizmm'^miz 

c<7)%^. $g«^j{4SJK§^x i.zti,zx*) ^mmi^zyic 
m^imm-t^nmwimx'h § . t < (4. 50 

*CJilT-C7j<^SrJR« 1 0 0-Ci3Lh(7)iaST'*^ 
[0029] ^JgBJcOM^SrfflV^SS&^i: LT. ffiST' 

miXv^^mc^^(n^%'Si:^^zx->xm^^ixrz-^m 
# t . *^Bj<^s$i a WT'S) s p E F c «7)ffiia*><?>iD^ 

[0030] 

tff^N-:$'-y(4S^m^ttMRAD I I l SSrfflV>TSB^ 

-rhv^-/^'i8ooa^as-fflv\ Mss:fflv^>tB 

m^itssR I x-3 0 0 otci 0)iiSL>^^. ^i-i-iaiRx 

VMi. yN'-df yx;wv- 1 6 O OM^^BtSftS: 
[0 03 1] 1) 

<>-'J;<?^y^r*<^-&^> 3 0 Om lcOh'-;<?-Srffl 
^e*l 0 0gtcx^y-;U8 2g*3cI;t^Hxv';U 

X-f-;U7r;l^hv-U^-h4 1 . 8g$:^jDL7t. C<OS 
•^S: 2 7 'CtT 3 0 \^fz\ik. 3 0 i^Htf «ra5 
S-*^,:. OV^TRlE?B)^r3S, *«t^l 1 ox:. SKfia 

mik t . afei^*4R^tjS!tij 18. ^M^tz. ^ oymk 

^E^^Z-^t.h.hfy^V-y {TS.y) Sr^*L. ^ 
y;KTfl£$:f#l>^ci^S£^^!f?3 1 0 g iUWtO . 1 "tJV- 
^•i-ttx^y— ;H 5 0 0ml l,z-i^WL^-±e O'CTt'l 
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<>K.\.^TT;vzi-)\^Tm^Lt:mi. loo-c. sm^mSi 
m^i-ffi^ai^L^Mm, Jt^iasjii o 1 6 

[00 3 2] (##^J2) 

13. fit, 7^h5J:f-;t-:t;l^h>'U^^-b4 1 . 2 gtc 

jDi-tryi^S— "^A-f y.-rnd^^sf-^--^ K2. 7 s^tmB 

aSSt:tigm. Jt^WStil 0 0 5m2 /g-c*)of^. 
[0 0 3 3] (##M3) 

<^ ^-'t' • u y ;KT#:co^B£> ##ffiJ I tmm 
t:, fit. 7^h^x^;W:t;i^yi'yy-h^3 3. sg 

T^^;l^»Sr*-r-S>-'J^^ydtTta-^^SV^6. 7g 

jt^Bpatii 3 4 9m2 /g-cs>o«r. mmu^ 

^7 h)V(r>m^X'\i 12 7 0c m-iafia(;:C Hg - S i 

m<r>^n^i.zmB,x'% ^ crir f - t/tmi^ htiti . 

[0 0 341 (##«»I4) 

<7i-;U- • T/W5-^P<y5KTf*:0-^)j£> 

M2i:I3I«tc, fit, xh7Xf-;P^yPhS/'J^-hSr 
33. 3gi:L. S ^>lC7i^;Ub Ux h^f >- 

9. 6 s^maLx^mLt:, m^2i:mmiz9m 

y jKT^^ ^ I. v ■> 6 . 4st:"^fz. Z CDB^tiiNc 
[0 0 3 5] (##0iJ5) 

<^^;^ ■ ■ r/^s-^^y5Kr#:<^^> 

2i;|S!«(c, flL. xh7X^;W:t;l-yi^U^-VSr3 
3. 3gtL. ^(^l,Z^i-fUhVx.h^'>i^yy7 . 2 

simMix^s&Lfz. ^m2bnmi>znmL. mm 
izMthtmmi>zm^-ii^mt:^Lxy>^fz. m^xmm 

^yt^-yji. dffi=3 2. 03l-y^^;2.hn-i>.tc!^v^ 

^P$r}ffl^L/ci»«. Jt^HWtil 34 0m2 ygXh-o 
fz. 

[0 0 3 6] (##«fiJ6) 



^H'^^v>2 0 g(cW^Otaj«:«-<0;l'T--'>>AS:-^ 

jg^b/Ux-'^A03«fi;%*^?g^jD;i, 
^>^m±T^^ll t/i. ,1 <^ 0 1 0 g 4 0 O'C 

-t'2i^^s^8£4'-ci5[iaL/i. MfiST'j^aif^. mo 

JUL. ftll^i4'^c:■^ii^SiS^$•4•^a■r-2.<7)^:^^^S:5^i<o 

0 . 0 5mm(7)7m-{ti- h y '>A7K?^?gco^:»-i:?S 

2f^ia*»§vi-tf'5r*^'A>staf^. rsutf^. Z<^^^2 

SiOiEL^iftUc. oi->T% IgJit. 4 0 0'CT3mfSI 

Am».^'^x'9mLfz. ^si^HmTT'^iaiTi^ai 

[0037] (##<5IJ7) 

>llltc^§ix/c-®?'fl:K«iK**^ilS^fflv\ -i? 
#CT 1 ~5 -C^jSL^:^ y ;Jfrdi-^^^l»<.^Srfa#:i: 

*«5mglc^|,*^ff*L, liii^^'i^i 9t;^i«L 
/c. Mi«^««f 1 9{ig^«l 7^zX0 2 O'Cizmi&L 

<rmi&X:Wm^^zMX\.fz. li^^f^. TKlgTm^S: 

*»4,5 0m l/'3i-iOj£Jg[-C2l^ia. *lg2r^At^. 

cTjMaora, Miei5E«'i= 1 9 ti-Bjaii 1 7 J: 0 1 0 0 
^c\zim.\^fz. im^zi.hmmmkT'ik. &ia«{±2 0 

•CtCiSS \^fz . Sl^^ y A^A'gS§ 1 1 *^ 'b'^ U "^A 
5 0 m 1 /^coaEJgT^A L^c . -gt^lJtS^AIf » 
1 3*»/i> 1 0%<O-|g>fb^$-#tf^'J -^ASr^At 

[0 0 38] Z<^iiMi. ;<fXl^»Wl 5T^$n. 
0. 0 0 2mmol (0. 4mm o 1 /g ■ ;U-rXi> 
A) 0-M'fb^Sr*tf'\'J'>At tT>'^V^XT'ffi'i=l 
6 SriET . ^ '>A#A«IS 1 2 *^<b»A t 'J "OJ^ 

AJi^i 1 2 o#raPi-c-iTo , -m.\m.w<mmt 
'm\9'^<^im\zmm\^. trn^k. m^^tz-mcM^ 

mtiJX9x:i'7Vy^y20X^^\^tz. :ffX^\J'7h 
^^97 2 0{i:JJ-*f;<f5A: Act i ve Carbon 

iSiK : 1 8 0°C-C'S«£ tfz. -Mit^mim 5 03'CO^ 

^^x-mthL. TCD^ffin im^mmmta^) x-m 

^L^. -gf^k^<0«iai«{4j!!l!«E^^'i=l 9izfmt: 
AS) oe-^'cOS^Srl OOi; LT, ^^VUXZb<7) 

m¥8 - 2 4 8 5 0 8-^izim(oijmizx 0 . -mim 
mco\si.ms.Rt/-mitms<^^mmmi^>^fz , 
[003 9] (mmmi) ^m5X'-^^Ltzj<^;v- 
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S<7)®*a : 3. 6mmo 1 /g • jI-t—^M.. —Wtit 

mmconBLm^: o. ss, :J'o;i^^ra: 2 0pp 

m) 0. 9ml (^^r/l^x-'^Ai, 3 0mg) i—M 

TJ^iDL. : Zmit^ : -^'fl:M 

« : KS= 3:1:0. 001:0. 00 3(7)^-^;^X 
2rS®aS2 0 . 0 0 0ml /m 1 • MM/h rX'±si 

m(D^m± 2 3'c. fm(o^mii 32'ct x'±^Lfz . 
Rm^iiin:(f^'^(^-mi\:Mm't^fTLi-ztz^miiX' 

•T'TkllMf: 4 0ml /'t«-<^4f RlEStC^A t-^c. 
tc80°C, 1 0 0*Ctciinf!ftt. ^tL-eitl>f!5i:lRltJ;a 

^. -BS>fl:^<^^i-W«iP I D :^yitmi.^) iS 

^^ovhi/^^O-S^-fb^oeiajTllti. 0. 5pp 
mTftS. 

[0 04 0] (^}ifeM2) HifgjJiJl tlHl^t:. (IL. 

i : 2 . 1 mm o 1 /g • /Ux— '^i^. — S-fL^^O® 
: 0 . 8 5. i^a/l^n • 2 0 P pmOT) 

0. 9ml (■t^)Ur--'yj^M.. 6 3mg) SrfflVi, :^ 

'^tcRjiS^STj^ai. i}mii^<niicr)i>zmtxm&Lfz, 

lt-3X:tX'±.nLfz. Km^iiin:^^^cr>-mit^ 
LfctZ^. 4 5 0ppmrS>oJt, IdRJSE<^**<OM 

thti^. Rjt^^^tmLO'ciz^^Lfctz^x'tan 
—m^tm&ii 9 0 p p mT'j> -5 . $ ^ tcSis* 

[0041] (mums ) mmm i fiUs ;w 

7^:::'>AS:3ma%fflJ^L^ttlii (-K-fb^co®^ 
fi: 2. 6mmo 1/g • ;Wf--'>A, — K-ft^^^O® 
lf*g^: 0. 80) 0. 9ml (-^^;l'-r-'^A», 8 
mg) iZ^tmnVt:, RlBS«0^hffi<0Sig{42 4^. 

ft*^i7)iag{42 6'ciT'±#t3t. Rjssaip?yx4'^o 

-K-(t;^^^Wt7ti:C:'!>4 50ppmT'S)O3t. K 
m^U^7 0°C. 80'C. 1 0 0'C-C{±1^m§ix=5r*>-5 

[004 2] mmm4) mmmitmmiz. iRL. 0 



HitijeSS (-K-fb^^O®** : 2 . 7 mm o 1 /g • ;W7" 
-•^A. -ig-fll^i^iR^*^ : 0. 80) 0. 9ml 
{-&*;l^T--'>A4. 8m g) {C#;l^Sfet/i. KJBS 

oi'l.MiOis^*^ 2 4 °cc7) h § , M«oag«± 2 6 'C 4 r 

C:^850ppmt'ft-5/::. RJtBSaK7 0'C-rt44 8 
7ppm, 8 0-CT'{42 24ppm. 1 0 0 ♦CT'tiSiai 

[0 04 3] (^S6^5) ^fi«fijli:|5l«tc. fit. # 

1 -C^^ L7t U ;^ V jKT ^J-^ V ^ ffl* i: 
t . ##0iJ 6 Tvl^x- A Sr 1 0 L/cM^ 

(-g5-ft;^^<0tR«S : 3 . 1 mmo 1 / g • 
A. -Kfli^«0®«*^: 0. 85)0. 9ml 

3 0ms) izmimmtfz. Km^co 

ffm<r)W^*^ 2 4'Cc7)t^. m^<7)lELmit 2 6°Ct X'± 

^Lfz. KfmiiinA'xfii<7)—mtmm^^^Lfztz 

^4 5 0ppmTS>-?yi. R|ESiaS7 0'C-C(44 0 p 

pm. 80'C, lOO'CX'imta^tL^-b^-ofz, 

[0 044] (mmme) mnmitmmiz. iBt. 0 
^m4X"^mLfz7 ■ '>v^ ■ r;i^5-?-^y;j^r 

^H^^SV^^lifri: ##fiaj6-r-;P-r-'>AS: 1 Ofi 
«%ajtt/c«« (-K-fLK^cTjiS^M : 2 . 4 mm o 
1 / g • ;Pf--'^A, -g|-(b^<7)(S«m : 0 . 8 
0) 0. 9ml 3 0mg) izmt 

mrnvt:, RfSs<7)^hM<^?ajg*^'2 4-coh#. fst^o 

mm^^VxLfztz^BppmTh-ofz, KmmmiT 
ox:. 8 ox:, i o ox^x-it^m^tv^ct^-ytz. 
[0045] (mmmi) m&m4tmmi,z. iRt, ji- 
^-y^j^ism&x&nLfzfim {-mi\:Mm(r>m.m 

Sl: 2. 6mmo 1/g ■ jVt--'^^, -^it^i^^ 
mf^Wi: 0. 84) 0. 9ml <-^^r;Wx-'>Aa. 1 

4mg) izmtmrntti. ^^(r)^mcoi&mi 2 a 
x;. mm>is^ii3 o'ctX'±^ttz, K*5sajpxfx 

tf'fiO-St-fb^^^W L3ti:C:^630pp mT*>o 

^. RjES;fflS7 0*c. 8 ox:. 1 oox:-c{4«iffi§n 

^j:-h^-r>fz, 

[0046] (mm8)mmm4tnm.iz.^Bh.)v 

x-'^AS: 1 Ofi»%ffl«ft^^M«E (-K-ft^OK^ 
4:2. 7mmo 1/g -g^^t^coia 
«m:0. 82) 0. 9ml ("i-W/I^T'-'^A*, 3 
Omg) tc#;e.llSfeLfc. ^iEI|c^^hMOiaS{42 7 
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(54) METHOD FOR PURIFYING HYDROGEN FOR FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively reduce the concn. of CO in CO-contg. gaseous 
hydrogen and to enable high efficiency operation of a fuel cell by adding oxygen-contg, 
gas to the CO-contg. gaseous hydrogen produce by a modification reaction of an org. 
compd. and bringing the resultant gaseous mixture into contact with a metal ruthenium- 
base catalyst with a mesoporous molecular sieve as the carrier. 

SOLUTION: The mesoporous molecular sieve is an inorg. porous body having a uniform 
pore diameter of 1.5-10nm in a mesoporous range and has the compsn. of silica or a 
multiple oxide contg. silicon and a metal, preferably Al. A ruthenium catalyst with the 
mesoporous molecular sieve as the carrier has such high activity and high selectivity that 
CO in gaseous hydrogen is selectively oxidized and removed at low temp, as well as at 
high temp. When the molecular sieve contains Al, the catalyst has remarkably improved 
CO removing activity and selectively at low temp., especially room temp, or below. 
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* NOTICES * 

JPO and NCIPI aire no't responsilsle for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The pxirification approach of the hydrogen for fuel cells characterized by using the catalyst 
which makes a meso pore molecular sieve support as this catalyst, and uses a rutheniimi metal as a 
principal component in adding the gas which contains oxygen in the hydrogen gas containing the carbon 
monoxide manufactured by the reforming reaction of an organic compound, considering as mixed gas, 
and contacting this mixed gas for the oxidation removal catalyst of a carbon monoxide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of refining the hydrogen used for the fuel 
cell which operates at low temperature. It is related with the approach of refining the hydrogen for soUd- 
state polyelectrolyte mold fiiel cells ("PEFC" being called below.) especially. Especially the carbon 
monoxide contained in the hydrogen by reforming of an organic compoimd presents a remarkable 
catalyst poison operation to tiie platinum which is the electrode catalyst of the fiiel cell which operates at 
low temperature. This invention carries out oxidation removal of the carbon monoxide in this hydrogen 
using an oxidation reaction catalyst, and relates to the technique of operating a fiiel cell effectively also 
in low temperature. 
[0002] 

[Description of the Prior Art] In order to obtain hydrogen commercially in current and an extensive area, 
the approach of manufacturing by reforming, such as alcohols, such as hydrocarbons, such as reforming 
of an organic compoimd, for example, methane, and a propane, and a methanol, especially steam 
reforming is excellent. However, in the hydrogen obtained by steam reforming under a practical service 
condition, a carbon monoxide is contained about several%. Although the approach of converting into 
hydrogen and a carbon dioxide by the conversion reaction with a steam and the water gas shift reaction 
is learned fiorther, even if there is a limitation in the reduction firom both sides of the activity of chemical 
equilibrium and a well-known catalyst and a carbon monoxide prepares conditions, the reduction to 
about 1% of carbon monoxides is a practical limitation. 

[0003] On the other hand, when using it as a fiiel of a fiiel cell, in order to use it especially for PEFC and 
to operate effectively, it is requested that carbon monoxide concentration should be reduced to severd 
ppm or less. In PEFC, if the hydrogen which does not contain a carbon monoxide is used as a fuel, it can 
work firom a room temperature and can become a very effective fiiel cell. However, the more it becomes 
low temperature about a catalyst poison operation of a carbon monoxide, when poisoning becomes 
remarkable and a carbon monoxide is included the more, actuation at low temperature cannot be 
performed. Although the approach of using a platinum-mthenium alloy for an electrode catalyst and 
giving carbon monoxide-proof nature is reported, sufficient carbon monoxide-proof nature is 
demonstrated and the range which a catalyst poison operation of a carbon monoxide does not discover is 
restricted to an elevated temperature 100 degrees C or more. 

[0004] It is reported by by adding oxygen to the hydrogen gas containing the carbon monoxide suppUed 
to a fiiel cell 6 to 13% that operation is possible, without making the fall of the electrical potential 
difference of the power generated from a fiiel cell discover. However, if such a lot of oxygen is added, 
there is risk of a gas explosion, and the non-electrochemical oxidation in the electrode of hydrogen will 
also be started notably, big loss of hydrogen will be caused, the big temperature distribution in an 
electrode surface will occur fiirther, and the remarkable fall of a generated voltage will be brought about. 
Although there is also a report that the addition of the oxygen to the inside of the supply hydrogen to an 
electrode is good at about 0.4% if the concentration of a carbon monoxide is 100 ppm or less, the 
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process beforehand reduced to the concentration of 100 ppm of a carbon monoxide needs to be annexed, 
and even in this case, coexistence of the non-electrolytic oxidation in an electrode causes expansion of 
the temperature distribution of an electrode surface, and the whole equipment not only changes 
intricately, but it brings about the fall of a fuel cell electrical potential difference. 
[0005] Oxygen content gas is added in the hydrogen supplied to a fuel cell, beforehand, an oxidation 
reaction catalyst is made to contact and the approach of carrying out oxidation removal of the carbon 
monoxide in hydrogen is examined. This approach does not have a load to the fuel cell which performs 
complicated actuation, and turns into an approach which was excellent when the effective oxidation 
reaction catalyst existed. According to the report (the collection of the 2nd fuel cell symposium lecture 
drafts 235 pages, 1995) of Toyota Motor Corp., using the ruthenium catalyst supported to the alumina, 
oxidation removal is performed with the reaction temperature of 100 degrees C, and it is reported that 
carbon monoxide concentration was reduced below at limits-of-impairment-perception concentration. 
However, the limits-of-impairment-perception concentration of the carbon monoxide in this report is 20 
ppm. However, it is reported that 150 ppm of carbon monoxides remain, and the result of the oxidation 
removal with the reaction temperature of 80 degrees C is imderstood that the activity of the oxidation 
reaction catalyst in low temperature is inadequate. Moreover, the example of a reaction of oxidation 
removal at low temperature is not indicated more. 

[0006] A meso pore molecular sieve (meso pore molecular sieve) is a new material with which large 
applications, such as a catalyst and an adsorbent, are expected as a minerals porous body which has 
imiform pore size to a meso pore field. Many examples using the meso pore molecular sieve as support 
of a precious metal catalyst are also indicated. However, there is no example which used for purification 
of hydrogen and alternative oxidation removal of the minute amount carbon monoxide in hydrogen the 
precious metal catalyst supported to this meso pore molecular sieve, especially the catalyst which 
supported the ruthenium. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the carbon monoxide contained in hydrogen lowers the 
output voltage of a fuel cell, thorough reduction of carbon monoxides is demanded for efficient 
operation of PEFC. Reduction of carbon monoxides is requested especially from operation at the low 
temperature which is the big description of PEFC. For this reason, about the oxidation removal catalyst 
of a carbon monoxide, the high activity in low temperature and high selectivity are required. The activity 
in 100 degrees C or less and 80 more degrees C or less is required especially. Moreover, when various 
service conditions are considered, the catalytic activity in a room temperature also serves as an 
important technical problem. 
[0008] 

[Means for Solving the Problem] As a result of repeating examination wholeheartedly for the above- 
mentioned purpose achievement, by using the catalyst which makes a meso pore molecular sieve 
support as an oxidation removal catalyst of a carbon monoxide at the hydrogen gas containing a carbon 
monoxide, and uses a ruthenium metal as a principal component, this invention persons did the 
knowledge of decreasing a carbon monoxide effectively, and reached this invention. This invention 
namely, in the hydrogen gas containing the carbon monoxide manufactured by the reforming reaction of 
an organic compound Add the gas containing oxygen, consider as mixed gas, and it hits contacting this 
mixed gas for the oxidation removal catalyst of a carbon monoxide. It is related with the purification 
approach of the hydrogen for fuel cells characterized by using the catalyst which makes a meso pore 
molecular sieve support as this catalyst, and uses a ruthenium metal as a principal component. 
Moreover, it is related with the purification approach of the hydrogen for fuel cells characterized by 
using for this reaction, without pretreating this oxidation removal catalyst beforehand in the gas which 
uses hydrogen as a principal component, and exposing it to the bottom of an oxidizing atmosphere after 
that. 

[0009] By using the approach of this invention, i.e., the specified support, and the ruthenium catalyst 
supported by the meso pore molecular sieve, oxidation removal of the carbon monoxide in the hydrogen 
gas containing the carbon monoxide manufactured by the reforming reaction of an organic compound 
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could be alternatively carried out at low temperature, for example, a room temperature, and operation at 
efficient operation of PEFC which is the purpose of this invention by that cause, and the low 
temperature which is especially the description became possible for the first time. The meso pore 
molecular sieve used for this invention is a minerals porous body which has 1 .5 in a meso pore field 
thru/or uniform pore size in lOnm, and it has a multiple oxide presentation with a silica or silicon, and 
the next metal. The former is a silica meso pore molecular sieve, and the latter is a metallosilicate 
molecular sieve. 

[0010] As the above-mentioned metal kind, alkaline-earth-metal elements, such as IT group*s 
magnesium, and calcium. Zinc and III A group's boron, aluminum, a gallium, an yttrium. Rare earth 
elements, IV group's titanium, a zirconium, germanium, tin, and V A group's Lynn, Vanadium, VI 
group's chromium, molybdenum, a tungsten, and VQ Noble-metals elements, such as a group's 
manganese, a tellurium, a rhenium, a Vm group's iron, cobalt, nickel, a ruthenium, a rhodium, 
palladium, and platinum, etc. can be mentioned. 

[001 1] it was chosen out of boron oxide (boria), an alumimmi oxide (alumina), titanium oxide (titania), 
and its precursor as a desirable metallic oxide — they are a kind and a silica at least. As a desirable 
metallic oxide, there is an aluminum oxide (alumina) especially. As an atomic ratio (Si/M) of these 
metallic elements (M) and silicon, ten or more are usually used. 

[0012] The mthenium catalyst which used the above-mentioned meso pore molecular sieve as the simple 
substance has the high activity and high selectivity which, of coxirse, carry out oxidation removal of the 
carbon monoxide in hydrogen gas alternatively also in low temperature at an elevated temperature. 
When the meso pore molecular sieve containing especially aluminum is used as support, the 
effectiveness is remarkable, and the oxidation removal activity and selectivity of a carbon monoxide 
below low temperature, especially a room temperature improve remarkably. 

[0013] The approach which the approach of making a template the quartemary ammonium salt or the 
FASUFONIUMU salt which has a long-chain alkyl group, using it for the specification of No. 5098684 
of an United States patent. No. 5102643, and No. 5108725 and the Patent Publication Heisei No. 503499 
[ five to ] official report as a synthesis method of these meso pore molecular sieve, and compoimding by 
hydrothermal synthesis compounds fi-om a stratified silica by the ion-exchange method again using a 
long-chain alkylammonium cation to JP,4-238810,A is indicated. However, the meso pore molecular 
sieve used by this invention is not limited to these approaches, and as long as it was an inorganic porous 
body which has uniform ****** to a meso pore field like the above, it could be manufactured by what 
kind of approach. 

[0014] As a meso pore molecular sieve used by this invention, what has an organic carbon radical is 
effective in the minerals porous body, the bottom of existence with the silane compound which there is a 
method given [ as a synthesis method of a meso pore molecular sieve ] in Japanese Patent Application 
No. No. 166622 [ eight to ] of having an organic carbon radical, and is shown by following ** 1 ~ a 
metallic oxide — and — or it is compounded fi-om the precursor. 
[0015] 

[Formula l]^ ^ 
I 

R - S i - X » 

I 

X • 

CR:^»K*S, X» , X» . X» :K«»l-6<Z>T4/3^i^a. *tt«. 

[0016] As an organic carbon radical which is shown by above ** 1 and shown by R as a silane 
compoimd, the derivative by which a part of saturation of carbon numbers 1 - 1 2 or unsaturated 
hydrocarbon radical, and its hydrogen residue were permuted by a halogen, a hydroxyl group, the alkoxy 
group, the amino group, the alkylamino radical, the alkyl group, etc. is mentioned. Specifically, each 
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unsaturated hydrocarbon radical, such as each alkyl group, such as methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, DESHIRU, undecyl, and dodecyl, vinyl, propenyl, butenyl, pentenyl, 
hexenyl one, heptenyl, OKUTENIRU, NONENIRU, decenyl, undecenyl, and dodecenyl one, and the 
derivative with which a part of the hydrogen, such as aryl groups, such as a phenyl group, a tolyl group, 
a xylyl group, a naphthyl group, and a methyl naphthyl group, be further permuted by the halogen, the 
hydroxyl group, be mentioned Preferably, a carbon number is the alkyl group of 1-12, and a carbon 
number is the aryl group of 6-12, and in it, especially preferably, as an alkyl group, it is a phenyl group 
as a methyl group, an ethyl group, and an aryl group, and is the derivative further. 
[0017] XI in the ** 1 aforementioned formula, X2, and X3 The substituent shown is chosen from the 
aUcoxy group of carbon numbers 1-6, a hydroxyl group, and a halogen, and even if the same, they may 
differ. As a desirable silane compound, they are monoalkyl trialkoxysilane or mono-aryl trialkoxysilane, 
and its derivative. As what gave the organic carbon radical to the meso pore molecular sieve, what 
carried out silanizing processing of the front face of a meso pore molecular sieve is effective. It 
considers as the example which carried out silanizing processing of the meso pore molecular sieve, and 
there is an example which silanized MCM-41 by hexa methyl disiloxane and trimethyl chloride (78th 
catalyst (debate A) lecture rehearsal collection 6D26). As long as silanizing processing is an approach 
not only this approach but well-known, it may be any approach. 

[0018] The catalyst which made support the meso pore molecular sieve which has the organic carbon 
radical indicated above has strong resistance to the water in hydrogen gas while having strong oxidation 
removal activity to the carbon monoxide in hydrogen. The hydrogen manufactured by reforming of an 
organic compound contains the water superfluously used into the gas on the occasion of reforming. 
Moreover, water generates by oxidation of the hydrogen which is the side reaction of the oxidation 
removal reaction of a carbon monoxide. These water sticks to the front face of a ruthenium catalyst, and 
checks oxidation reaction of a carbon monoxide. This inhibitory action appears more strongly under 
low-temperature conditions and on condition that below 80 degrees C or less, especially a room 
temperature. Still stronger inhibitory action appears below the conditions on which water freezes, and 0 
degree C. 

[0019] The waterproof property is excellent as support of an oxidation removal catalyst, and also 
especially the meso pore molecular sieve that introduced the organic carbon radical with the silane 
compound at the time of composition of a meso pore molecular sieve has tiie good homogeneity of the 
structure, and it is [ the repeatability of manufacture ] good. And catalyst preparation which supports a 
ruthenium is easy, and repeatability, such as engine performance of the manufactured catalyst, is good. 
Furthermore, the support in the reaction imder an elevated temperature and the stability of a catalyst are 
excellent. Moreover, since the meso pore molecular sieve which introduced the organic carbon radical 
with the silane compound at the time of composition has a hydroxyl group in that structure, it is 
effective to carry out silanizing processing of the front face of this molecular sieve further, and to use it 
as support. Although the meso pore molecular sieve used for this invention may be used as fine particles 
as it is, using as a moldings is effective. It is also effective to use as molding represented by a globular 
shape, the grain of pillar-shaped **, the honeycomb, etc. It is effective to especially be used with the 
gestalt doubled with it by the system used. 

[0020] What can prepare a solution imiform to solvents, such as water, as a ruthenium raw material 
which prepares a catalyst is effective. For example, the inorganic-acid salt of a ruthenium, an organic- 
acid salt, a carbonyl complex, etc. are mentioned. Moreover, it is also effective to prepare and use 
complexes, such as an amine complex by ammonia. There is ruthenium halide as a compound that 
acquisition is easy and cheap. Especially ruthenium chloride is desirable. Moreover, the complex 
containing the halogen adjusted from these halogenides is also effective. For supporting a ruthenium to 
such support, it is adjusted by various approaches. For example, settling, such as a coprecipitation 
method, a sol-gel method, an ion-exchange method, the sinking-in method, etc. are effective. 
[0021] As for the catalyst adjusted by the above-mentioned approach, a ruthenium is retumed to a metal 
by the reducing agent. As a reducing agent, hydrogen is effective. Reduction by organic compounds, 
such as formalin and a hydrazine, is also effective. It is effective that reduction actuation is performed 
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by the gaseous phase. Moreover, it is also effective to be carried out by the liquid phase in a water 
solution etc. Reduced temperature happens [ sintering of a ruthenixun ] at an elevated temperature and is 
not so desirable dthough a ruthenium compound should just serve as a metal. Although this temperature 
changes also with preparation of that catalyst, about 700 degrees C is usually used from a room 
temperature. It is preferably carried out at 500 degrees C from a room temperature. It is carried out at 50 
to 400 degrees C still more preferably. As a raw material which adjusts a catalyst, the halogenide of a 
rutheniimi is used preferably. A halogenide is. preferably used at that acquisition is easy and water 
solubility by acquiring easily the support catalyst to which micro-disperse of the rutheniimi was carried 
out by using this raw material besides catalyst preparation being easy etc. 

[0022] As for the catalyst used by this invention, it is desirable not to contain a halogen substantially. By 
using the catalyst which does not contain a halogen substantially, oxidation removal of the carbon 
monoxide which is the purpose of this application can be performed still more efficiently. In the usual 
oxidation reaction, it is rare for a halogen to have bad effect on the reaction, and the halogen on the front 
face of a catalyst carries out oxidation desorption easily with an oxidizer. Therefore, usually special 
actuation is not needed. However, in this reaction, when the catalyst containing a halogen is used, in the 
system of reaction, it does not secede from the halogen on a catalyst from a catalyst front face by 
oxidation desorption etc. For this reason, it is desirable to remove the halogen used for the mthenium 
raw material in the phase of adjusting a catalyst beforehand. 

[0023] As an approach of removing the halogen on a catalyst, although there are some approaches, the 
removal approach of the halogen by alkali chemicals is desirable. As for removal actuation of this 
halogen, it is desirable to carry out, after supporting a ruthenium for a catalyst, or after returning by 
hydrogen etc. Moreover, depending on the preparation, it is carried out during the handling by the liquid 
phase of the actuation middle class of precipitate. It is also desirable to carry out during underwater 
reduction. It is also desirable that these removal actuation carries out in a water solution. If a halogen is 
removable as alkali chemicals used, what kind of thing may be used, for example, organic bases, such as 
an oxide of alkaline earth metal, such as alkali metal, such as a lithium, and magnesium, or a hydroxide, 
armiionia, and amines, base mold ion exchange resin, etc. will be mentioned. 

[0024] On the other hand, in case support is manufactured industrially, a halogen is introduced from the 
raw material and perfect removal of the halogen is sometimes difficult. However, the halogen contained 
in support in this case does not influence directly the rutheniimi supported by the carrier surface, but 
there is little effect on an oxidation removal reaction. As for the catalyst used for this invention, what 
does not contain a halogen substantially is desirable. 500 ppm or less have the desirable content of a 
halogen, and the catalyst used for this invention has still more desirable 200 ppm or less. 
[0025] In the support catalyst using noble metals, the amount of support is usually used to support at 1 
or less % of the weight and several [ at most ] % of the weight or less. Even if this makes [ many ] the 
amount of support of noble metals, it is for not demonstrating the catalyst engine performance 
corresponding to the augend in many cases, and utilizing expensive noble metals most effectively. What 
kind of amount is sufficient as the amount of support of the rutheniimi of the catalyst used by this 
invention. However, in the case of this invention, in order to perform efficiently oxidation removal of 
the carbon monoxide which is the purpose, the amount of ruthenium support is used at 3 % of the weight 
or more. It is preferably used at 9 % of the weight or more still more preferably 5% of the weight or 
more. Thus, compared with the catalyst usually used, it tumed out that the catalyst which supported a lot 
of rutheniums of this application shows the oxidation removal engine performance of the carbon 
monoxide of a more than corresponding to the augend of the ruthenium. Especially, remarkable 
effectiveness is shown in oxidation removal of the carbon monoxide under the low temperature which is 
the purpose of this application. 

[0026] It is desirable to use the catalyst of this invention for this reaction, without pretreating beforehand 
in the gas which uses hydrogen as a principal component, and exposing to the bottom of an oxidizing 
atmosphere after that. Even if the gas which uses hydrogen as a principal component contains 
hydrocarbons, such as a carbon dioxide, a steam, nitrogen, a methanol, and methane, in addition to 
hydrogen, the content of hydrogen is a thing beyond 50 mol %. A small amount of carbon monoxide 
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may be included. Moreover, it is desirable that oxygen is not substantially included in the gas which 
uses the hydrogen in this phase pretreated as a principal component 600 degrees C or less of 400 
degrees C [ 30 degrees C or more ] or less of pretreatments are usually preferably performed below 50 
degrees C or more 300 degrees C still more preferably from a room temperature. Although this actuation 
is performed by ordinary pressure, depending on the case, you may carry out under pressurization. If the 
catalyst used by this invention, i.e., the catalyst which processed hydrogen beforehand in the gas used as 
a principal component, is exposed to the bottom of the oxidizing atmosphere containing oxidizers, such 
as oxygen, oxygen etc. will stick to the ruthenium front face. Consequently, the oxidation removal 
reaction of the carbon monoxide this adsorbate of whose is the purpose of this application is checked, 
and efficient oxidation removal is considered to be difficult. 

[0027] Having the adsorption property of the specified carbon monoxide like a publication has the 
catalyst effective in Japanese Patent Application No. No. 248508 [ eight to ] used by this invention. That 
is, the amoimts of adsorption of a carbon monoxide are more than 1 mmol/g and a ruthenium, and it is 
using the catalyst which uses as a principal component the ruthenium metal with which the index of 
adsorption of a carbon monoxide was supported by 0.5 or more meso pore molecular sieves. By using 
the catalyst which has the adsorption property that the carbon monoxide was specified, oxidation 
removal of the carbon monoxide in the hydrogen gas containing the carbon monoxide manufactured by 
the reforming reaction of an organic compound can be efficiently carried out more at low temperature, 
and the purpose of this invention becomes clearer. 

[0028] Although a steam is contained in the hydrogen gas manufactured by reforming of an organic 
compound, when the temperature of catalysts, such as the time of starting, is low, the water vapor 
pressure in this hydrogen gas in contact with the catalyst of this invention may exceed contiguity or 
maximimi vapor tension to maximum vapor tension, a steam adsorbs or condenses it too much for a 
catalyst, and catalytic activity is oppressed. Less than 50% of the maximum vapor tension of the water 
vapor pressure in hydrogen gas is convenient preferably under the maximum vapor tension of the 
temperature of the catalyst of this invention. Therefore, before the hydrogen gas manufactured by 
reforming of an organic compound contacts the catalyst of this invention, it is effective to remove a 
superfluous steam. As the approach, it is also effective to quench Avater by cooling. Moreover, it is 
effective to also make a drying agent contact. In this case, a******** drying agent is reversibly suitable 
for a drying agent in a steam by changing temperature. It is the drying agent which sorbs a steam below 
50 degrees C and emits a steam at the temperature of 100 degrees C or more preferably. Instantiation of 
the drying agent of this invention mentions the compound in which desorption temperature, such as 
drying agents usually used, such as silica gel, an activated alumina, and molecular sieving, a calcium 
sulfate, and magnesium sulfate, has 50 thru/or 100-degree C water of crystallization. 
[0029] The high activity in low temperature is mentioned as effectiveness using the catalyst of this 
invention. The sensible heat and the interval which the hydrogen gas manufactured by the heat generated 
by the oxidation removal reaction of the carbon monoxide in low temperature, the heat of reaction of 
oxidation reaction of the hydrogen to concur with, and the reforming reaction of an organic compound 
has go up promptly, and prompt starting (cold start) of catalyst bed temperature from the low 
temperature of PEFC which is the last purpose of this invention is attained. 
[0030] 

[Embodiment of the Invention] Although an example etc. is used for below and this invention is further 
explained to it at a detail, this invention is not Umited at all by these examples etc. The X diffraction 
pattem in an example was measured using the RADDI mold by the physical science electrical-and- 
electric-equipment company. Pore distribution and specific-surface-area measurement were measured 
with the BET adsorption method using nitrogen using sow PUTOMA tic made from cull ROERUBA 
1800 mold equipment, the content of Krol in a catalyst — physical science electrical-and-electric- 
equipment company make — it measured by RIX-3000. The infrared absorption spectrum was measured 
using the PerkinElmer 1600 mold spectrophotometer. 
[003 1 ] (Example 1 of reference) 

<Composition of a silica meso pore object> The 300ml beaker was used, ethanol 82g and dodecyl amine 
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lOg were added and dissolved in lOOg of distilled water, and, subsequently to the bottom of churning, 
tetraethyl alt.silicate 41.8g was added. The standing reaction was carried out for 30 hovirs, after agitating 
this mixture at 27 degrees C for 30 minutes. Subsequently, 110 degrees C of reactants were dried after 
filtration and rinsing for 5 hours, and 18.5g of white powdered products was obtained. In order to 
remove the template (amine) contained in this desiccation product and to acquire a meso pore object, 
ethanol 1500ml containing 0.1 mols of hydrochloric acids was made to distribute lOg of desiccation 
products, and imder 60 degrees C, extract processing was carried out for 1 hour, and it filtered. After it 
repeated this actuation 3 times and alcohol subsequently washed, it was made to dry for 3 hours and 
6.5g of 100 degrees C of desiccation powder of a silica meso pore molecular sieve was obtained. The 
powdered X diffraction pattern showed the peak strong against d value of 36.0A. As a result of 
measuring the specific surface area by the nitrogen adsorption-and-desorption method, and pore 
distribution, specific surface area was 1016m2 / g, and average pore size was 3.1nm. 
[0032] (Example 2 of reference) 

<Composition of a silica alxunina meso pore object> Like the example 1 of reference, in addition to 
tetraethyl alt.silicate 41 .2g, pulverization of the aluminimi iso POROPOKI side 2.7g was carried out, 
and it added, and compounded. It processed like the example 1 of reference, and 6.4g was obtained as 
desiccation powder. As a result of measuring the specific surface area by the BET adsorption method, 
specific surface area was 1005m2 / g. 
[0033] (Example 3 of reference) 

<Composition of a methyl silica meso pore object> Like the example 1 of reference, tetraethyl 
orthochromatic silicate was set to 33.3g, and methyl triethoxysilane 7.3g was added and compounded 
further. It processed like the example 1 of reference, and 6.7g of silica meso pore molecular sieves 
which have a methyl group as desiccation powder was obtained. When this powder showed water 
repellence and added it to water, it had the property to float on a front face. The powder X diffraction 
pattern showed the peak strong against d value =32.2 A. As a result of measuring the specific surface 
area by the nitrogen adsorption-and-desorption method, and pore distribution, specific surface area was 
1349m2 / g. In measurement of an infrared absorption spectrum, the absorption peak which can belong 
to the deformation vibration of a CH3-Si radical was accepted in the 1270cm-l neighborhood. 
[0034] (Example 4 of reference) 

<Composition of a phenyl silica alumina meso pore object> Like the example 2 of reference, tetraethyl 
alt.silicate was set to 33.3g, and phenyltriethoxysilane 9.6g was added and compoimded further. It 
processed like the example 2 of reference, and 6.4g of silica alumina meso pore molecular sieves which 
consider as desiccation powder and have a FENIRU radical was obtained. When this powder showed 
water repellence and added it to water, it had the property to float on a front face. The powder X 
diffraction pattern showed the peak strong against d value =32.5 A. 
[0035] (Example 5 of reference) 

<Composition of a methyl silica alumina meso pore object> Like the example 2 of reference, tetraethyl 
orthochromatic siUcate was set to 33.3g, and methyl triethoxysilane 7.2g was added and compoimded 
further. It processed like the example 2 of reference, and 6.3g of silica alumina meso pore molecular 
sieves which consider as desiccation powder and have a methyl group was obtained. When this powder 
showed water repellence and added it to water, it had the property to float on a front face. The powder X 
diffraction pattern showed the peak strong against d value =32.0 A. As a result of measuring the specific 
surface area by the nitrogen adsorption-and-desorption method, and pore distribution, specific surface 
area was 1340m2 / g. 
[0036] (Example 6 of reference) 

The 3-% of the weight water solution of the ruthenium chloride which contains the predetermined 
ruthenium for the amoimt of support in 20g of meso pore molecular sieves compounded in the examples 
1-5 of <support of ruthenium> reference was added, and evaporation to dryness was carried out on the 
water bath with scrambling. lOg of this was processed in the 2-hour hydrogen air current at 400 degrees 
C. To the room temperature, it dipped in neutralizing the chlorine contained in ejection and a catalyst in 
the one half of the sodium-hydroxide water solution of 0.05 conventions of a complement after cooling. 
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and carried out after neglect and a ** exception with scrambling for 2 hours. It rinsed repeatedly after 
performing this actuation twice until the penetrant remover showed neutrality with distilled water 
fiirther. Subsequently, it dried and processed in the 3-hour hydrogen air current at 400 degrees C. It 
cooled and took out to the room temperature xmder nitrogen-gas-atmosphere mind. 
[0037] (Example 7 of reference) 

It asked for the amount of adsorption of a carbon monoxide, and the index of adsorption of a carbon 
monoxide using the carbon monoxide adsorption experimental device shown in <measurement of 
amount-of-adsorption [ of a carbon monoxide ], and the index of adsorption of carbon monoxide> 
drawing 1 . The meso pore molecular sieve compounded in the examples 1-5 of reference was made into 
support, weighing capacity of the amount to which the amount of rutheniums is set to 5mg fi-om the 
catalyst which supported tiie ruthenium with the example 6 of reference was carried out, and the catalyst 
packed tube 19 was filled up. The thermostat 17 adjusted the catalyst packed tube 19 at 20 degrees C. 
Helium was continuously introduced the rate for 50ml/from the helium installation duct 11.1 hour after, 
in order to pretreat from hydrogen, installation of helium was suspended, and hydrogen was introduced 
the rate for 50ml/from the hydrogen installation duct 12 for 2 hours. The catalyst packed tube 19 was 
warmed at 100 degrees C with the thermostat 17 during this processing. The thermostat was adjusted to 
20 degrees C after the pretreatment termination by hydrogen. Helium introduced the rate for 50ml/from 
the helium installation duct 1 1 again. The helium which contains 10% of carbon monoxide from the 
carbon monoxide installation duct 13 was introduced. 

[0038] Measuring was carried out with the gas measuring tubing 15, it mixed with the helium introduced 
from the helium installation duct 12 through piping 16 by the pulse as helium containing the carbon 
monoxide of 0.002mmol (0.4 mmol/g and ruthenium), and this gas was led to the catalyst packed tube 
19. This carbon monoxide installation actuation was performed at intervals of 20 seconds per minute. 
The carbon monoxide stuck to the catalyst in the catalyst packed tube 19, and the eluted carbon 
monoxide was analyzed by the gas chromatograph 20 after saturation, a gas chromatograph 20 ~ 
analysis column: — Active Carbon 2m (stainless steel column) was attached and it operated at oven 
temperature: 180 degree C. The carbon monoxide was eluted in the holding time for about 50 seconds, 
and was measured with the TCD detector (thermal conductivity detector). The amount of detection of a 
carbon monoxide set the height of the peak of the amount of detection when not filling up the catalyst 
packed tube 19 with a catalyst (the amount of installation of the carbon monoxide per pulse) to 100, and 
found it from the ratio of the height of the peak for every pulse. Based on this result, it asked [ Japanese 
Patent Application No. / No. 248508 / eight to ] for the amoimt of adsorption of a carbon monoxide, and 
the index of adsorption of a carbon monoxide by the approach of a publication. 

[0039] (Example 1) The methyl silica alumina meso pore molecular sieve compounded in the example 5 
of reference was made into support, and the reactor of a carbon monoxide removal trial reactor was 
filled up with 0.9ml (the amount of adsorption of a carbon monoxide: index-of-adsorption:0.88 of 3.6 
mmol/g and a ruthenium, and a carbon monoxide, Krol content:20ppm) (the amount of content 
rutheniums, 30mg) of catalysts which supported Ihe ruthenium witii the example 6 of reference 10% of 
the weight. It processed in the 2-hour hydrogen air current at 100 degrees C, cooled to the room 
temperature in a hydrogen air current fiirther, it changed into hydrogen, and the mixed gas of 
hydrogen:carbon-dioxide:carbon monoxide:oxygen =3:1:0.001:0.003 was sent to the above-mentioned 
reactor by the space velocity of 20 or OOOml/ml and the catalyst / hr. Generation of heat was seen within 
the reactor and, in the temperature of the outer wall of a reactor, the temperature of 23 degrees C and a 
catalyst rose to 32 degrees C. It was undetectable when the carbon monoxide in reactor outlet gas was 
analyzed. The reactor was heated and the steam was introduced into the reactor in the amoimt for /of 
40ml in the place which carried out the temperature up to 70 degrees C. It heated at 80 more degrees C 
and 100 degrees C, and the oxidation removal reaction was perfomied like the above, respectively. 
Consequently, the carbon monoxide in reactor outlet gas was not detected under which conditions. 
Analysis of a carbon monoxide was performed using the PID (photoionization detector) gas 
chromatograph (made in Hitachi). The minimum limit of detection of the carbon monoxide of this gas 
chromatograph is 0.5 ppm. 
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[0040] (Example 2) Like the example 1, using 0.9ml (the amount of adsorption of a carbon monoxide: 
index-of-adsorption:0.85 of 2.1 mmol/g and a ruthenium, and a carbon monoxide, less than [ Krol 
content:20ppm ]) (the amount of content rutheniums, 63mg) of catalysts which supported the ruthenium 
20% of the weight, further, the reactor was changed to the thing with cooling and warming, and was 
carried out. The oxidation removal reaction was started in the place which cooled the reactor and 
became -18 degrees C. Generation of heat was seen within the reactor and the temperature of a catalyst 
bed rose to -3 degrees C. It was imdetectable when the carbon monoxide in reactor outlet gas was 
analyzed. It was 450 ppm when measured again 1 hour after. It is thought that the water generated by 
combustion of the hydrogen of side reaction covered a part of catalyst front face. Outlet 1 oxidation 
concentration was 90 ppm in the place which warmed the reactor and carried out the temperature up to 0 
degree C. The carbon monoxide was undetectable when the temperature up was furthermore carried out 
to the room temperature. Moreover, after 2-hour progress, when measured again, the carbon monoxide 
was undetectable. 

[0041] (Example 3) The ruthenium was changed and carried out like the example 1 for 0.9ml (the 
amount of adsorption of a carbon monoxide: index-of-adsorption:0.80 of 2.6 mmol/g and a ruthenium, 
and a carbon monoxide) (the amount of content rutheniums, 8mg) of catalysts supported 3% of the 
weight. In the temperature of the outer wall of a reactor, the temperature of 24 degrees C and a catalyst 
rose to 26 degrees C. It was 450 ppm when the carbon monoxide in reactor outlet gas was analyzed. It 
was not detected at the reactor temperature of 70 degrees C, 80 degrees C, and 100 degrees C. 
[0042] (Example 4) The silica alumina meso pore molecular sieve compounded in the example 2 of 
reference was made into support like the example 1, and it changed and carried out for 0.9ml (the 
amount of adsorption of a carbon monoxide: index-of-adsorption:0.80 of 2.7 mmol/g and a ruthenium, 
and a carbon monoxide) (the amount of content rutheniums, 8mg) of catalysts which supported the 
rutheniiun with the example 6 of reference 3% of the weight. When the temperature of tfie outer wall of 
a reactor was 24 degrees C, the temperature of a catalyst rose to 26 degrees C. It was 850 ppm when the 
carbon monoxide in reactor outlet gas was analyzed. At the reactor temperature of 70 degrees C, it was 
not detected by 487 ppm and 80 degrees C in 224 ppm and 100 degrees C. 

[0043] (Example 5) The sihca meso pore molecular sieve compounded in the example 1 of reference 
was made into support Uke the example 1, and it changed and carried out for 0.9ml (the amount of 
adsorption of a carbon monoxide: index-of-adsorption:0.85 of 3.1 mmol/g and a ruthenium, and a 
carbon monoxide) (the amoimt of content mtheniums, 30mg) of catalysts which supported the 
ruthenium with the example 6 of reference 10% of the weight. When the temperature of the outer wall of 
a reactor was 24 degrees C, the temperature of a catalyst rose to 26 degrees C. It was 450 ppm when the 
carbon monoxide in reactor outlet gas was analyzed. It was not detected by the reactor temperature of 70 
degrees C at 40 ppm, 80 degrees C, and 100 degrees C. 

[0044] (Example 6) The phenyl silica alumina meso pore molecular sieve compounded in the example 4 
of reference was made into support Uke the example 1, and it changed and carried out for 0.9ml (the 
amount of adsorption of a carbon monoxide: index-of-adsorption:0.80 of 2.4 mmol/g and a ruthenium, 
and a carbon monoxide) (the amount of content rutheniums, 30mg) of catalysts which supported the 
rutheniiom with the example 6 of reference 10% of the weight. When the temperature of the outer wall of 
a reactor was 24 degrees C, the temperature of a catalyst rose to 32 degrees C. It was 5 ppm when the 
carbon monoxide in reactor outlet gas was analyzed. It was not detected at the reactor temperature of 70 
degrees C, 80 degrees C, and 100 degrees C. 

[0045] (Example 7) The ruthenium was changed and carried out like the example 4 for 0.9ml (the 
amount of adsorption of a carbon monoxide: index-of-adsorption:0.84 of 2.6 mmol/g and a mthenium, 
and a carbon monoxide) (the amount of content rutheniums, 14mg) of catalysts supported 5% of the 
weight. In the temperature of the outer wall of a reactor, the temperature of 28 degrees C and a catalyst 
rose to 30 degrees C. It was 630 ppm when the carbon monoxide in reactor outlet gas was analyzed. It 
was not detected at the reactor temperature of 70 degrees C, 80 degrees C, and 100 degrees C. 
[0046] (Example 8) The ruthenium was changed and carried out Uke the example 4 for 0.9ml (the 
amount of adsorption of a carbon monoxide: index-of-adsorption:0.82 of 2.7 mmol/g and a mthenium. 
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and a carbon monoxide) (the amoimt of content rutheniums, 30mg) of catalysts supported 10% of the 
weight. In the temperature of the outer wall of a reactor, the temperature of 27 degrees C and a catalyst 
rose to 39 degrees C. It was not detected when the carbon monoxide in reactor outlet gas was analyzed. 
The reactor temperature of 70 degrees C, 80 degrees C, and at least 100 degrees C were not detected. 
[0047] (Example 9) The catalyst was changed and carried out to 0.45ml (the amount of content 
rutheniums, 15mg) like the example 1. In the temperature of the outer wall of a reactor, the temperature 
of 27 degrees C and a catalyst rose to 42 degrees C. It was 25 ppm when the carbon monoxide in reactor 
outlet gas was analyzed. It was not detected at the reactor temperature of 70 degrees C, 80 degrees C, 
and 100 degrees C. 

[0048] (Example 10) The catalyst was changed and carried out to 1.8ml (the amount of content 
mtheniums, 16mg) like the example 3. In the temperature of the outer wall of a reactor, the temperature 
of 27 degrees C and a catalyst rose to 30 degrees C. It was 280 ppm when the carbon monoxide in 
reactor outlet gas was analyzed. It was not detected at the reactor temperature of 70 degrees C, 80 
degrees C, and 100 degrees C. 

[0049] (Example 1 of a comparison) Like the example 1, silica gel (SAIRISHIA250N) by the Fuji 
SHIRISHIA chemistry company was made into support, and it changed and carried out for 0.9ml (the 
amovmt of adsorption of a carbon monoxide: index-of-adsorption:0.65 of 2.7 mmol/g and a ruthenium, 
and a carbon monoxide) (the amomat of content rutheniums, 50mg) of catalysts which supported the 
ruthenium with the example 6 of reference 5% of the weight. When the temperature of the outer wall of 
a reactor was 29 degrees C, the temperature of a catalyst rose to 30 degrees C. It was 900 ppm when the 
carbon monoxide in reactor outlet gas was analyzed. At the reactor temperature of 70 degrees C, 20 ppm 
was detected by 160 ppm and 80 degrees C in 75 ppm and 100 degrees C. 
[0050] 

[Effect of the Invention] Efficient operation of a fuel cell is enabled by reducing the carbon monoxide 
concentration in the hydrogen gas containing a carbon monoxide. 

[Translation done.] 
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